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A B S T R A C T

We explore how variation in entrepreneurs' displayed passion affects informal investor interest in
start-up ventures by examining neural responses to entrepreneurs' pitches using functional
Magnetic Resonance Imaging (fMRI). We find that founders displaying high passion increase
investor neural engagement by 39% and investor interest in the venture by 26% over those
displaying low passion. A one standard deviation increase in neural engagement is associated
with an 8% percent increase in investors' interest in investing in a start-up company relative to
the mean. Moreover, our findings indicate that neural engagement may account for some of the
effect of founder passion on investor interest. Our study has implications for both research on,
and the practice of, entrepreneurship.

1. Executive summary

Prior studies suggest that entrepreneurs who display higher passion are more likely to get investors to further investigate and fund
their ventures (Cardon et al., 2017; Hsu et al., 2014; Landström and Mason, 2016; Mitteness et al., 2012; Sudek, 2006). Practitioners
agree. Gasca (2014) explains, “As an observer, mentor and judge, I have seen numerous pitches fall flat because the entrepreneur
failed to deliver even an ounce of passion through their pitch.”

The central aim of this study is to extend the literature on investor decision making and entrepeneur passion in three ways. First,
we examine the effect of founder passion on the decision making of informal investors. While prior research has examined the effect
of founder passion on the interest of venture capitalists and members of angel groups, none has examined the effect of founder
passion on the interest of informal investors. Yet such informal investors are an important source of capital for early stage companies
and account for the majority of start-up investment globally.

Second, we conduct a randomized experiment to test the passion effect. Cleanly manipulating and randomly assigning high and
low passion pitch conditions allows us to show the causal effect of displayed passion on investor interest. Through this approach, we
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provide evidence that displays of founder passion cause investor interest.
Third, leveraging tools from cognitive neuroscience, we develop and test a neural-based theory for why entrepreneur displayed

passion may influence informal investor assessments. If passion is influential, then there should be measurable neural effects that can
offer a biological explanation of why displayed founder passion matters. We theorize that displayed founder passion affects investor
interest by enhancing neural engagement. Our theory is predicated on the idea that pitch delivery should cause investor brains to
behave differently, such that high displays of passion recruits the brain in a way that increases fixation on the stimulus, which is the
pitch. And because higher neural engagement increases focus and attention to the content and overrides distractions, we theorize that
more engaged brains are more likely to meaningfully evaluate pitches, which should result in more favorable investor assessments.
We argue that neural engagement partially mediates the displayed passion-investor interest relationship: Displays of passion trigger
heightened engagement that, in turn, makes investors more likely to invest.

We find that randomly being assigned a pitch with high founder passion causes informal investor interest to increase by 26%
relative to the null of low founder passion. We use functional Magnetic Resonance Imaging (fMRI) to examine investor neural
responses to entrepreneurs' pitches. We find that higher founder passion increases investor neural engagement by 39% over lower
founder passion. Finally, we find that a one standard deviation increase in neural engagement is associated with an 8% percent
increase in investors' interest in investing in a start-up company relative to the mean. Our findings suggest that neural engagement
could partially mediate the passion-investor interest relationship, but we cannot confirm it. The indirect effect is non-trivial in
magnitude, but is not statistically significant.

The results of this study have several implications for the literature on venture financing and founder passion. Responding to
growing calls for cross-discplinary research at the intersection of neuroscience and entrepreneurship (e.g., de Holan, 2014; de Holan
and Couffe, 2017; McMullen et al., 2014; Nicolaou and Shane, 2014; Ward et al., 2017), our study shows how theories and techniques
from neuroscience can be used to address previously unaddressed research questions about investor decision making. The result is a
novel biological explantion for why displays of passion may be influential.

We also contribute to calls for experimental research in entrepreneurship (Hsu et al., 2017; Williams et al., 2019) by examining
the causal effect of displayed founder passion through a randomized experiment. Doing so expands upon existing research by de-
monstrating the causal effect of displayed founder passion on investor interest. Further, we examine the decision making of informal
investors, which has historically been overlooked by scholars.

Collectively, our findings provide evidence on neural responses to entrepreneur pitches and the role of displayed passion therein.
We hope that our cross-disciplinary effort serves to motivate other scholars to further advance understandings of neural activity in
entrepreneurship.

2. Introduction

Entrepreneurial passion — a founder's “demonstration of emotion, enthusiasm, and energy” (Pollack et al., 2012: 919) — is a key
component of attracting institutional investor interest in new ventures. Entrepreneurs who appear passionate in their presentations
are more likely to get investors to further investigate and fund their ventures, according to both practitioner observation and aca-
demic research (Bussgang, 2010; Cardon et al., 2017; Hsu et al., 2014; Landström and Mason, 2016; Li et al., 2017; Mitteness et al.,
2012; Rose, 2008; Sudek, 2006).

While researchers have made considerable progress in understanding entrepreneurial passion, the literature is incomplete in three
important ways. First, while prior research has examined the effect of founder passion on the interest of venture capitalists and
members of angel groups, none has examined the effect of founder passion on the interest of informal investors—what the Global
Entrepreneurship Monitor refers to as family, friends and foolhardy strangers. This omission is significant because informal investors
account for the majority of startup investments, investing $1 trillion dollars globally over the period of 2012–2015 (GEM, 2016).
Informal investors, then, represent an important group that is often neglected, both in venture financing research in general (Burke
et al., 2014; Shane, 2008) and in studies of how passion influences investor decision making more specifically. We examine the effect
of founder passion on the decision making of informal investors.

Second, our use of a randomized experiment also helps us to advance the passion-investor interest relationship. The gold standard
for showing that one factor has a causal effect on another is a randomized experiment (e.g., Dimoka, 2011; Hsu et al., 2017; Williams
et al., 2019). We add to the literature on founder passion and investor interest by using a randomized experiment in which displayed
founder passion is manipulated via video pitches. This allows us to measure whether increased founder passion causes investor
interest in funding new ventures to rise, or whether it's an artifact of something else.

Third, we break new ground by opening the black box of investor decision making, both theoretically and empirically, by studying
the neural activity of informal investors as they are exposed to displays of founder passion. If passion is influential, then there should
be measurable neural effects that can assist in explaining why displayed founder passion matters. Drawing on work from neu-
roscience, we theorize that displayed founder passion affects investor interest by enhancing neural engagement: the extent to which an
observer's brain becomes engrossed in a stimulus. When neural engagement is higher, the brain is more fixated on the stimulus at hand
(Barnett and Cerf, 2017; Dmochowski et al., 2012). Focus on and attention to content increases. We therefore theorize that more
engaged brains are more likely to meaningfully evaluate pitches. The result should be a positive correlation between neural en-
gagement and investor interest. Finally, we argue that neural engagement partially mediates the displayed passion-investor interest
relationship. Displays of passion trigger heightened engagement that, in turn, makes investors more likely to invest.

We test our arguments by collecting neural data using functional Magnetic Resonance Imaging (fMRI) scans of informal investors'
brains as they assess a randomly assigned set of entrepreneur pitch videos. Our results have several implications for research and
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practice. Specifically, we find empirically that founders' displayed passion causes investor interest. We also find that displayed
passion causes an increase in investors' neural engagement, that neural engagement is associated with informal investor interest in
financing new ventures, and that neural engagement may be a path through which entrepreneurs' displayed passion affects investors'
interest. In short, our study contributes new insights to the lesser-studied group of informal investors, the role of displayed passion in
venture financing, and advances the nascent intersection of neuro-entrepreneurship by offering a novel approach to studying investor
decision making.

3. Passion and entrepreneurial pitches

Entrepreneurs must convince investors to provide financial support for their ideas (Chen et al., 2009; Drover et al., 2017; Huang
and Pearce, 2015; Kerr et al., 2011; Robb and Robinson, 2014; Shane, 2008). Lacking established track records, early-stage en-
trepreneurs typically begin their approach with an initial elevator pitch (Chen et al., 2009; Kanze et al., 2018; Kerr et al., 2011). In
practice, the most common investor response to an elevator pitch is to terminate investigation of a venture; only a minority of venture
opportunities pitched capture interest and prove to be worth the cost of time to evaluate. The entrepreneur's goal with an elevator
pitch, then, is to interest investors in conducting further investigation of the investment opportunity (Clingingsmith and Shane,
2018).

Within the pitch setting, researchers have argued that positive affect—particularly, passion—can play a key role in influencing
funding assessments (Chen et al., 2009; Hsu et al., 2014; Mitteness et al., 2012; Murnieks et al., 2016). Passion may increase investor
interest because it (1) enhances founder motivation (Chen et al., 2009), (2) boosts creative problem-solving (Cardon et al., 2013), (3)
induces emotional contagion (Li et al., 2017); (4) influences tenacity (Cardon et al., 2009); (5) facilitates articulation of a vision
(Chen et al., 2009); (6) boosts persuasiveness (Baron, 2008); and (7) increases effort (Drnovsek et al., 2016).

Despite the progress to date in understanding the role of passion in motivating investor interest, the literature remains incomplete
in several ways. In Sections 3.1 through 3.3, we discuss three of these ways: 1) neglect of informal investors, 2) inconclusive evidence
on causality, and 3) treating the brain as a black box.

3.1. Neglect of informal investors

Most studies explore how passion influences formal investors, such as venture capitalists and angel groups, and neglect informal
investors, a large group that include ordinary individuals, such as friends and family members, as well as non-accredited investors
(Bygrave et al., 2003). This is surprising given that informal investment is “the main source of external equity finance for business
start-ups...” (Burke et al., 2014: 467), and that this group “has an enormous impact on overall entrepreneurial activity” (GEM, 2016:
45). For example, the amount of informal equity investment in early stage companies exceeds venture capital in both magnitude of
dollars and investment (GEM, 2016; Burke et al., 2014; Lee and Persson, 2016; Robb and Robinson, 2014). Bygrave and Reynolds
(2004) report that only 12% of the Inc. 500 fastest growing private companies in the United States received financing from business
angels and <2% received financing from venture capital firms. By contrast, one-third received financing from informal investors. An
estimated 5% of the U.S. population is considered informal investors (GEM, 2016).

Venture financing research in general, and research on passion in particular, has paid scant attention to informal investors. Thus,
by exploring the role of displayed passion in informal investment, we gain new insights on how passion influences the largest, yet
presently overlooked group of investors.

3.2. Causality

While scholars have studied the passion-investor interest relationship, most work tends to be correlational in nature.1 Previous
researchers have shown a correlation between founder passion and the interest of institutional investors—venture capitalists and
members of organized angel groups—and offer a variety of explanations for this correlation. However, the gold standard for showing
that one factor has a causal effect on another is a randomized experiment (Williams et al., 2019; Hsu et al., 2017). Randomized
experiments allow for the control of factors that likely confound observational data, such as inconsistencies in the way entrepreneurs
exhibit passion, order effects, reverse causality, omitted variable bias, and reactions from other potential co-investors. For example, it
is plausible that entrepreneur passion is related to the expected return from a venture, which may be apparent to investors but
difficult for researchers to measure. The expected return is thus an omitted variable in correlational studies that leads to biased
estimates of the effect of entrepreneur passion on investor interest.

To advance knowledge on this topic, we are getting inside the black box of passion. Prior research suggests that passion matters,
but is less clear on why. Is it just that more passionate entrepreneurs have better ideas in a way we cannot measure but that investors

1 Li et al. (2017) use an experimental design to show the effect of passion on the support of rewards-based crowdfunding. Rewards-based crowd-
funding campaigns are very different from efforts to raise equity from investors. The median value that a person spends to support an equity
crowdfunding campaign is approximately $100, while the median value of an angel investment is $10,000 and that of a venture capital firm in the
millions of dollars (Shane, 2008). Moreover, the Securities and Exchange Commission does not consider rewards-based crowdfunding to be an
investment and therefore regulates it differently from equity-based crowdfunding, such as Wefunder. While Li et al. (2017) provides fascinating
results, we do not know if they apply to investing.
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can detect? Or does passion affect them independently of the information conveyed about the venture?
Given these questions, an experimental design is the best way to measure the direct effect of passion. A small subset of the existing

research has indeed made headway by examining the passion effect experimentally, yielding mixed results (e.g., Chen et al., 2009;
Hsu et al., 2014; Li et al., 2017; Murnieks et al., 2016). However, this prior work has either manipulated entrepreneur passion via
written text, limited the extent of randomization, examined decisions other than investing (such as rewards-based crowdfunding),
and/or looked only at institutional investors. Thus, evidence on whether passion causes investor interest, either for informal or
institutional investors, is not yet conclusive.

3.3. Neural data

Moreover, previous studies of investors' interest in startup companies tend to treat investors' brains as a black box. Despite neural-
based explanations of behaviors in marketing, finance, economics and other related fields (e.g., Ariely and Berns, 2010; Glimcher and
Fehr, 2013; Cerf et al., 2017), to date, no research has examined the neuroscience of responses to entrepreneurs' pitches. This means
that researchers have overlooked neural-based explanations of why passion may play an influential role in shaping investor decision
making. Testing this explanation requires information on investors' brain function, something that the typical social science research
techniques of surveys, interviews and secondary data analyses cannot ascertain.

3.4. Extending the entrepreneur passion-investor interest literature

Our investigation begins to fill the voids outlined above. First, we study the effect of displayed passion on informal investors
rather than formal investors. As noted, informal investors put billions into early stage companies each year. Thus, by exploring the
role of displayed passion in informal investment, we gain new insights on how passion influences a large, yet presently overlooked,
group of investors.

Next, we both complement and extend the literature on founder passion and investor interest by deploying a randomized ex-
periment in which displays of founder passion in pitch videos are manipulated across concepts and entrepreneurs to help determine if
founder passion causes investor interest, or if the observed correlation is an artifact of something else. While offering a more rigorous
test, our approach builds on existing research, thereby serving as a pathway to forge new understandings of the role of passion, and
whether it causes informal investor interest.

Finally, we open the black box of investor decision making by looking at how informal investors respond to founder displays of
passion. We overcome this problem by collecting neural data from functional Magnetic Resonance Imaging (fMRI) scans of pro-
spective investors' brains as they assess a randomly assigned set of entrepreneur pitch videos. Doing so, we argue that displayed
founder passion affects investor interest by enhancing neural engagement: the extent to which an observer's brain becomes engrossed in a
stimulus. Our approach, then, advances a neural-based theory of why and how displayed entrepreneur passion influences informal
investors.

4. Hypothesis development

4.1. Displayed entrepreneurial passion and neural engagement

When investors view entrepreneur pitches, they attempt to decipher which opportunities merit further consideration. Investors
then put time and money into further investigation of those opportunities that meet this initial screen. This sequential process means
that, at the first stage of the process, entrepreneurs need to “get their foot in the door” by capturing initial investor interest. By
eliciting a positive response from investors to their pitches, founders have the chance to eventually receive investment from those
financiers (Petty and Gruber, 2011).

Communications researchers have found that the way information is delivered affects human reactions in a direct manner
(DePaulo, 1992; Miller et al., 1976; Patrick et al., 2000). High-affect delivery, including spatial movement and extensive voice
inflection, tends to be beneficial to getting recipient interest independent of the content that is being conveyed (Moè, 2016). If this is
the case, then an experimental manipulation of an aspect of delivery is best suited to assess its effect.

Prior research on entrepreneurship argues that the display of affect plays an important role (Baron, 2008). Positive affect is
persuasive (Hatfield et al., 1993), leading entrepreneurs displaying such emotions to be better able to generate positive responses
from others (Baron, 2008; Cardon, 2008; Li et al., 2017). Because entrepreneurs must persuade others of the potential value of a new
venture idea, positive affect might make investors more interested in providing resources to entrepreneurs.

Displayed entrepreneurial passion — a founder's display of positive emotion, enthusiasm, and energy is seen as an important
aspect of positive affect (Mitteness et al., 2012). This displayed passion enhances persuasiveness (Baron, 2008). As Chen et al. (2009:
199) argue, “passion is often critical to convince the targeted individuals to invest their money, time, and effort in the new venture.”

Practitioners agree. Gasca (2014) explains, “As an observer, mentor and judge, I have seen numerous pitches fall flat because the
entrepreneur failed to deliver even an ounce of passion through their pitch.” As another investor notes: “If you're going to launch a startup,
you had better be passionate about it. And you better be able to transmit that passion” (Bussgang, 2010).

Entrepreneurs delivering pitches to raise capital vary in the degree to which they display passion (Li et al., 2017; Murnieks et al.,
2016). An entrepreneur's passion thus may affect the investor's level of interest, and open or close the door to potential financing
(Davis et al., 2017; Li et al., 2017; Warnick et al., 2018). Researchers have shown that investors such as venture capitalists and angel
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investors consider the passion of the entrepreneur to be an important characteristic in the investment decision (MacMillan et al.,
1987; Mitteness et al., 2012). Studies have shown also that passion is correlated with entrepreneurs' ability to obtain resources from
investors (Cardon et al., 2017; Davis et al., 2017; Mitteness et al., 2012; Sudek, 2006).

Displayed passion might enhance investor interest for a number of reasons, several of which have been articulated in the en-
trepreneurship literature. Founders may be more persuasive when they are more passionate about their ventures because they seem
more confident. Confidence can be important given the uncertainty surrounding new ventures (Huang and Pearce, 2015; Zacharakis
and Shepherd, 2001). Passionate founders may create emotional contagion (Cardon, 2008), where the founder's excitement spills
over to the investors (Li et al., 2017). Entrepreneurial passion may signal the founder's commitment to the venture (Vallerand and
Houlfort, 2003). A founder's passion may motivate him or her to work harder (Chen et al., 2009). Or it could be that passion is simply
correlated with the expected return to the venture in a way investors can detect but for which a correlational study cannot adequately
control.

While research on investor decision making hints at the process through which this might happen (Li et al., 2017; Mitteness et al.,
2012; Pollack et al., 2012), to date researchers have yet to explore how responses to displayed entrepreneurial passion ultimately
unfold in the investor's mind.

Cognitive neuroscientists have proposed a different mechanism for why displayed founder passion might enhance investor in-
terest than that discussed in the entrepreneurship literature (Barnett and Cerf, 2017; Dmochowski et al., 2012; Hasson et al., 2004;
Cerf et al., 2017; Mackay et al., 2012). These works suggest that displayed entrepreneurial passion might enhance neural engagement
(Barnett and Cerf, 2017; Dmochowski et al., 2012; Poulsen et al., 2017). The cognitive effects of higher neural engagement are
increased attention to the content at the expense of other stimuli (e.g., Barnett and Cerf, 2017; Dmochowski et al., 2012; Hasson et al.,
2004). Regardless of whether a stimulus is a movie, piece of music, lecture, or an entrepreneur's pitch, higher engagement suggests
that the observer's brain is undergoing a more powerful fixation on the stimulus, whereas lower engagement leaves the brain less
fixated (Hasson et al., 2004; Schmälzle et al., 2015).

More passionate delivery of a message should focus the observer's mind on the presenter in a way that is more engrossing. Under
such circumstances, other competing potential stimuli or distractions become less likely to override the recipient's focus and attention
(Cerf et al., 2009). Prior research shows that neural engagement increases when listening to speeches of higher rhetorical quality
(Schmälzle et al., 2015). Moreover, whole brain engagement increases during movie scenes characterized as more emotionally
intense (Hasson et al., 2004). And when viewing more dynamic or emotional video clips, individuals experience moment-to-moment
neural synchronization (Nummenmaa et al., 2012).

We hypothesize that these patterns are the same in the setting of entrepreneurs pitching investors as they are in other settings
where variations in delivered content affects engagement. While several factors affect the degree to which an observer's brain
becomes engaged in response to an entrepreneur's pitch, a key determinant is the nature of the pitch delivery. High versus low
displays of passion should trigger measurable differences in the brain's level of engagement. This leads to our first hypothesis:

Hypothesis 1. Higher levels of displayed entrepreneur passion causes more investor neural engagement.

4.2. Investor neural engagement and investor interest

As we explained earlier, investors finance only some of the ventures pitched to them (Carpentier and Suret, 2015). Prior studies
(e.g., Clingingsmith and Shane, 2018) show that this distribution means that the investor's default decision on any venture pitched is
“no.” Given a negative investors' default, pitching them involves a two-step process. First, founders must get investors to focus on an
idea to evaluate it. Second, the idea must then be evaluated positively. Neural engagement is important for the first part.

To get investors to invest, founders must first get investors to connect with their message; individuals cannot evaluate positively
that which does not first meaningfully engage their thinking. As explained above, neural engagement is the process by which the
brain becomes engrossed in a stimulus.

Researchers have shown this concept in settings other than that of pitching investors, such as audience engagement in advertising
and entertainment. Prior studies show that neural engagement plays a role in preference ratings. For instance, neural engagement is
associated with popularity and viewership of television shows and commercials (Dmochowski et al., 2014). Other research links
higher neural engagement to future memory of the content, liking of the content, and purchasing behavior at the individual and
population level (Barnett et al., 2016; Barnett and Cerf, 2017; Dmochowski et al., 2012; Hasson et al., 2008).

To the extent that neural engagement mediates the investor's decision making, if the investor does not neurally engage with a
founder's message, the outcome will be the investor's default decision, which is “no.” As both the practitioner and research literature
indicate, when people are not neurally engaged, their mental attention is diverted away from the presenter's message. Investors are
frequently described as not focusing on pitches, attending to their phones, mind-wandering, or performing a host of other things that
vie for their mental resources.

Indeed, practitioners observe this phenomenon frequently. One top venture capitalist explains, “…even after getting in the room,
many investors barely seemed to pay attention” (Hilaly, 2019). Similarly, legendary investor Brad Feld, founder of Tech Stars and the
Foundry group says, “If you are an entrepreneur, you have less than 60 seconds to get an investor's attention” (Clingingsmith and Shane,
2018: 5164).
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Getting investors to become neurally engaged may therefore be crucial. If the investor is less engaged, the odds that the investor
will hear the founder's message decrease, reducing the likelihood of a positive assessment. More passionate presenters get observers
to more thoroughly connect with what they are presenting—acting as a concentrating function. If observers neurally engage with a
founder's message, they can then evaluate it, rather than relying on the default decision. This, in many ways, is not different than
what marketing experts deem being in the “consideration set.” One wants to first get attention and then preference and then fa-
vorability (Milosavljevic and Cerf, 2008).

Being more neurally engaged does not guarantee that investors will invest. When investors are more engaged, and therefore more
likely to hear the founder's message, they are more likely to give careful consideration of the information presented to them. That
evaluation can be positive – I want to gather more information – or negative – this is a definite “no.” Once engaged, investors might find a
deal financially unappealing or may not believe that the venture has good odds of success. Because some portion of the time observers
will evaluate information they receive positively, higher levels of neural engagement result in an association between presenter
passion and investor interest.

We would not expect a perfect correlation between neural engagement and investor interest, but merely a positive one. The
absence of neural engagement would result in zero investor interest. Higher levels of neural engagement would result in investor
interest in some cases, resulting in a positive correlation of less than one between investor neural engagement and investor interest.
This argument leads to the second hypothesis:

Hypothesis 2. Higher investor neural engagement during the exposure to a pitch is positively associated with investor interest.

4.3. Displayed entrepreneurial passion and investor interest

Previous researchers have explored whether entrepreneur passion can affect the interest of investors in financing new businesses.
While this area of research is “in its infancy and little is known about whether the relationship exists in the first place…” (Mitteness
et al., 2012: 592), several observational studies have demonstrated a correlation between founder passion and investor interest
(Cardon et al., 2017; Mitteness et al., 2012; Sudek, 2006).

This correlation suggests that founder passion might enhance investor interest. But these associations are not universally ac-
cepted. Other works have shown that there is no association between certain types of founder passion and investor interest (e.g., Chen
et al., 2009).

It is tricky to infer from correlational research that there is a causal relationship between founder passion and investor interest.
The correlations shown in previous works could be artifacts of unobserved heterogeneity, selection, or omitted variable bias. They
could also be due to reverse causality. Human beings display emotion that responds to the behavior of others (Hatfield et al., 1993).
For instance, when people frighten others, those others often get upset. Such reverse causality is also possible with investor interest
and founder passion: When investors display interest in ventures, entrepreneurs may display more passion about their ventures. An
advantage of the use of an experimental design to examine this question is that, if pitches are pre-recorded, there cannot be feedback
from investor affect to the performance of the founder. Most prior research on this question has not used controlled videos and/or are
limited in the extent of randomization (e.g., Chen et al., 2009; Hsu et al., 2014; Murnieks et al., 2016). Experimental results have been
mixed—some suggesting passion influences investors, while others suggest otherwise. The causal influence of passion is not con-
clusive.

Our arguments, like that of previous researchers, would suggest that the statistical association between founder passion and
investor interest seen in correlations is neither the result of reverse causality, nor an artifact of unobserved heterogeneity, selection or
omitted variable bias. Therefore, we expect that founder passion causes greater investor interest.

Hypothesis 3. Higher levels of displayed entrepreneur passion cause more investor interest.

4.4. Investor neural engagement partially mediates the entrepreneur passion-investor interest relationship

We argue that investor neural engagement partially mediates the relationship between entrepreneurs' displayed passion and
investor interest. While there may be other mechanisms through which an entrepreneur's passion might affect the level of investor
interest, the neuroscience literature suggests one of those mechanisms is neural engagement. As we have argued, displays of passion
trigger heightened engagement that, in turn, makes investors more likely to invest.

We do not believe that neural engagement would be more than a partial mediator of the relationship between displayed passion
and investor interest. Human beings are too complex biologically for there to be a single mechanism through which the display of
passion could affect something as multifaceted as the interest of investors in financing a company. This is reflected in the number of
plausible alternative paths through which founder passion could affect investor interest proposed in the entrepreneurship literature.
These include founder motivation (Chen et al., 2009), creative problem-solving (Cardon et al., 2013), tenacity (Cardon et al., 2009),
articulation of a vision (Chen et al., 2009), persuasiveness (Baron, 2008), effort (Drnovsek et al., 2016; Mueller et al., 2017) or
through emotional contagion (Li et al., 2017). It is unlikely that only one path would explain passion to the exclusion of all others.

These other mediators could very well be uncorrelated with investor neural engagement because they would act on investors in
unrelated ways. For instance, many of these potential other mediators, such as tenacity, or effort, influence founder behavior in ways
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that lead them to perceive that entrepreneurs are behaving in ways more consistent with their priors for founder type, thereby
increasing investor interest.2 Alternatively, displayed founder passion could lead to emotional contagion and influence investor
interest by affecting the behavior of other investors, which the focal investors emulate. This argument leads to the fourth hypothesis:

Hypothesis 4. Higher investor neural engagement during the exposure to a pitch partially mediates the effect of displayed
entrepreneurial passion on investor interest.

5. Methods

We manipulated displayed founder passion in pitches to investors in a randomized controlled trial and looked at the effect of
variation in founder passion on the response of investors. We utilized brain imaging as subjects assessed a series of pitch videos to
investigate the role of neural engagement in pitch assessments as well as their reported interest in investing in the ventures.

5.1. Subjects

Investors in early stage companies include institutional investors, such as venture capital firms and angel groups, and informal
investors, such as friends, family and “foolhardy strangers.” Almost all previous studies of the relationship between entrepreneur
passion and investor interest have focused on institutional investors. Our study focuses instead on the informal investor subgroup.

Bygrave and Reynolds (2004:103) defined informal investors as “all men and women who had personally invested in a business
startup that was not their own, excluding stocks and mutual funds.” Informal investors therefore exclude venture capital firms and
angel groups. Members of the latter entities do not invest “personally.” Rather, the legal entity of the fund invests.

Informal investors are thus composed of friends and family of the entrepreneur as well as strangers who invest. We can identify no
previous studies that have gathered data on the effect of entrepreneur passion on informal investor interest. Most of the studies on the
topic of founder passion and investor interest have focused on venture capital firms and angel groups (Cardon et al., 2017; Chen et al.,
2009; Hsu et al., 2014; Mitteness et al., 2012; Murnieks et al., 2016; Sudek, 2006). No studies to have looked at the relationship
between founder passion and investor interest among informal investors.3

Informal investors are a large and heterogeneous group, comprising an estimated 5% of the population in the United States (GEM,
2016). While a typical neuroscience sample is too small to truly demonstrate its representativeness, our subjects do look similar to
those who invest as informal investors. For instance, our sample roughly aligns with large sample surveys on the demographics of
informal investors in the U.S. in terms of gender, age and education (Burke et al., 2014; GEM, 2016). The majority of informal
investors in the U.S. are male (72%) (GEM, 2016), which aligns with our sample comprised of 67% males. In terms of age, 26% of
informal investors globally are between 18 and 34, 50% are between 35 and 54, while 24% are between 55 and 65+ (Burke et al.,
2011). In our sample, 10 subjects fall into the first category, while 5 fall into the second category. With respect to education, informal
investors are relatively evenly distributed across ‘no/low education’ (30%), ‘medium education’ (32%) and ‘high education’ (38%)
(Burke et al., 2011). Our sample maps onto this pattern as well, skewing toward higher levels of education (4 subjects, 11 subjects, in
the latter two respective categories). More informally, we recruited our sample within an affluent community, where the median
household income is nearly twice the US median. Individuals from wealthier households are more likely to be informal investors
(Burke et al., 2014).

We recruited nineteen subjects to participate in our study. Four were screened out due to claustrophobia, corrupted scans, or
excessive fidgeting, leaving fifteen subjects. Subjects were healthy, fluent English speakers with self-reported normal or corrected-to-
normal vision. Subjects had the following characteristics 10 were males; males' mean age = 29.6, standard deviation = 6.85; females'
mean age = 29, standard deviation = 8.46; average work experience = 6.4 years, standard deviation = 5.39; highest education: high
school = 13%, some college = 13%, Bachelor's degree = 40%, Master's degree = 27%, doctorate = 7%. Subjects were not profes-
sional investors. All subjects were right-handed. Subjects provided written informed consent prior to the experiment. Five additional
subjects which we originally used for pilot and calibration of the parameters were not used in analyses.

The ultimate use of fifteen subjects is in line with previous works using fMRI to look at cross-brain correlation (Hasson et al.,
2004, 2008; Nummenmaa et al., 2012). As Laureiro-Martinez et al. (2015:325) note: “…a typical study averages 15 participants…[in
cognitive neuroscience].” Moreover, our analysis increases the robustness and power by looking at the average of pairs of subjects
rather than merely each subject compared to the average of all others. Thus, whereas the majority of fMRI studies draw the sig-
nificance from the number of subjects, n, that share a similar effect, our cross-brain-correlation approach measures the alignment
between pairs of subjects and the average of the pairwise comparisons, thereby yielding a set of n n( 1)

2
observations for n subjects.

2 Consider the example of founder effort. Let P be passion, E be engagement, Y be interest, and X be the alternative mediator, such as exerting
more effort. The model for this would be: Y= β0 + β1E+ β2X+ β3P+ ε1, E= α0 + α1P+ ε2, and X= γ0 + γ1P+ ε3. In this example, passion
makes people believe that the level of the alternative mediator is higher, e.g. that founders are exerting more effort, which increases their interest,
making perception of founder effort an alternative mediator to neural engagement.

3 We did identify one study of founder passion and investor interest that may have looked at accredited angel investors who were not a part of an
angel group (Warnick et al., 2018). We believe that the sample in this study differs substantially from informal investors in general. Shane (2008)
found that only 8% of informal investors were business angels. Of the business angels, he found that only 28% were accredited investors; only 2.2%
of informal investments were made by accredited angel investors. Thus, most informal investors look like regular people. The Warnick et al. (2018)
sample, then, is not one of informal investors.
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5.2. Protocol and stimuli

Subjects were asked to view entrepreneur pitch videos while undergoing fMRI scanning. After initial briefing on the nature of the
fMRI and the setting, we had subjects lie down in the scanner. Subjects wore fMRI-compatible headphones with noise cancellation
(Universal Medical, Walpole, MA) to assure that the auditory experience was optimal. The headphones provided the same audio input
to each ear.

We adopted a single factor 2-level design to manipulate founder passion. Following Mitteness et al. (2012), we distinguish
between different types of passion: felt, displayed and perceived. Felt passion is passion experienced by an entrepreneur; displayed
passion concerns the appearance of passion, such as “appearing enthusiastic in their presentations” (Mitteness et al., 2012: 593);
perceived passion pertains to how passionate external observers think an individual is. We focus on displayed passion.

To create the pitch videos, we recruited ten actors and had them deliver pitches in front of a camera. The concepts delivered were
based on actual early-stage pitches drawn from online fundraising platforms. For instance, one concept was an enterprise colla-
boration tool, another was a platform for finding and hiring attorneys, while a third was a 3D printing-based concept. Each actor
delivered their unique pitch script twice: once with high passion and once with low passion. These made the stimuli in each group
high/low passion.

We operationalized displayed passion as high enthusiasm, in alignment with prior research that indicates that investors' en-
thusiasm is a key driver of displayed passion (Li et al., 2017; Mitteness et al., 2012). Presenters were coached to manipulate their
delivery along the dimensions shown to correlate with enthusiasm, namely energy level, voice tone, spatial movement, and facial
expressions (see Broekens et al., 2012; Patrick et al., 2000; Watson et al., 1988 for elaboration). The presenting entrepreneur in each
video occupied the same visual angle on the screen, with the same background and similar content properties (clothes, manner of
speech, etc.). These elevator pitches lasted an average of one minute. Fig. 1 offers an overview of the design and approach.

To ensure that each high/low passion pitch indeed reflects the attributes assigned, we had independent coders rate the pitches.
First, thirty individuals rated the pitches to assess the level of displayed enthusiasm. Questions included: a) “The voice inflection of
the entrepreneur in the video is considered: 1-Low Inflection to 7-High Inflection; b) The spatial movement of the entrepreneur,
particularly with regard to the use of hand gestures in this video is considered: 1-minimal movement to 7-extensive movement; c) The
positive facial expressions of the entrepreneur, particularly with regard to smiling, are considered: 1-no facial expressions to 7-
extenstive facial expressions; and d) Overall, please rate the degree of enthusiasm that the entrepreneur displayed throughout the
pitch: 1-low enthusiasm to 7-high enthusiasm.” Means across all questions were 1.56 for the low conditions and 5.6 for the high
conditions. The means were significantly different (p< 0.05, t-test). Second, we had another set of 28 coders rate the pitches on Li
et al.'s (2017) scale of displayed passion, which includes: “The project team/creator: (a) appear(s) excited about the project idea; (b)
convey(s) an obsession about the project idea; (c) appear(s) enthusiastic about the project idea; (d) is able to convey(s) his or her
enthusiasm for the project idea; (e) appear(s) to be passionate about the project idea; and (f) display(s) an urge to complete the
project.” Raters were asked the extent to which they agree with each on a scale of 1–5. Means across all questions were 1.62 for the
low conditions and 4.02 for the high conditions. The means were significantly different (p < 0.05, t-test). This data suggests that our
efforts to manipulate displayed passion were effective.

In the neural study, we randomly assigned each subject to view ten out of the pool of twenty possible pitches, resulting in 147
pitch assessments (removing the ones with corrupted or missing data as mentioned in the ‘Subjects’ section above, plus an additional
three clips with missing data). Pitches were viewed through a monitor visible inside the fMRI scanner using a mirror that reflected a
screen outside the scanner. Each subject viewed each entrepreneur/concept only once. Each subject viewed five high-passion and five
low-passion clips. The ten clips viewed by each subject were shown in random order such that the high/low passion clips were
intermixed. The order of the clips was also randomized within a condition such that one subject may have seen her first clip as clip #7
(high-passion) whereas another may have seen first clip #10 (low-passion). Each clip was therefore viewed by at least five subjects
and up to ten subjects. Together, our approach enables us to investigate subjects' neural responses to high- and low-passion pitches
that occur across a set of randomly assigned entrepreneurial concepts, pitched by different entrepreneurs. Content viewing did not
require head motion or notable eye movement.

After viewing each pitch video, subjects were prompted with a set of questions that captured investment interest. Question 1: “I
would be interested in seeing more information about this venture: 1-Strongly Disagree to 7-Strongly Agree.” Question 2: “Based on
the information at hand, I would be interested in investing in this company: 1-Strongly Disagree to 7-Strongly Agree.” Question 3:
“This company represents a good investment opportunity for me: 1-Strongly Disagree to 7-Strongly Agree.” Question 4: “I would
expect higher financial returns from investing in this company than in other startup companies: 1-Strongly Disagree to 7-Strongly
Agree.” Question 5: “The content of this elevator pitch was: 1-Very Poor to 7-Excellent.” Items were averaged to form a scale of
investor interest. The investor interest scale revealed a Cronbach's Alpha of 0.92, indicating high internal consistency across items.

Reponses were controlled using a lab-designed set of three fMRI-safe hand-held buttons, with two controlling plus/minus along
the scale and a third confirming the selections. We placed no time limit on the responses and subjects generally responded to each
question in a matter of a few seconds (4.2 ± 2.8 s).

The stimuli were controlled using an experimental software: Presentation (Neurobehavioral Systems, Berkeley, CA). Following the
videos, subjects were debriefed on their experience. This was done mainly to monitor for potential tiredness or lapses of attention or
to identify any potential flaw in the experiment. No subject reported any such problems.
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5.3. fMRI

Subjects' fMRI data were acquired using a 3T MRI scanner (Skyra, Siemmens) with a standard head coil. Functional scans were
acquired using an echo planer imaging (EPI) sequence. Time to Repetition (TR) was 2000 ms; Time to Echo (TE) was 20 ms. Each
volume comprised of 38 slices of 3 mm thickness. Anatomical images were acquired using a T1-weighted pulse sequence (TR,
2300 ms; TE, 3.08 ms; FOV, 220 mm2).

Simply put, the fMRI acquires a full reading of a subject's brain every two seconds (0.5 Hz). The reading incorporates the overall
BOLD signal which reflects the amount of ‘energy’4 the specific brain area (termed: Voxel for ‘VOlume piXEL’) required in the time
window. Since the brain typically registers activity in much faster speeds (in the order of milliseconds) this reflects the energy
required by hundreds of thousands to millions of brain cells in the window of time. This energy does not map directly to neural
response but acts as a proxy for the brain activity that a specific site reflects in a given task (Heeger and Ress, 2002).

To minimize head movement, subjects' heads were stabilized with foam padding. fMRI data were reconstructed using
BrainVoyager QX (Brain Innovation) and analyzed using Matlab (MathWorks, Natick, MA). Functional scans were 3D-motion-cor-
rected. The functional dataset was transformed to a 3D Talairach space (Talairach and Tournoux, 1988) and projected on a re-
construction of the cortical surface.

To diminish the impact of global, non-neural signal artifact on local BOLD signals, we projected-out the mean white matter signal
from the BOLD signal in each voxel in each subject. The mean signal was calculated individually for each subject and was entered into
a linear regression to predict the BOLD signal in each voxel. The BOLD signals were then replaced with the residuals resulting from
this regression, and the mean and variance of each of these residuals were matched to the mean and variance of the pre-projection
BOLD signal. Raw voxel data from the fMRI was normalized onto a scale of 0 to 1 over the course of the recording period.

5.4. Cross-brain correlation

Capturing the level of engagement in content has historically been challenging. Post-hoc self-reports about an experience may
suffer from recency bias, whereas questioning the respondents during the experience can lead to detachment from the experience
(Boksem and Smidts, 2015). Tools such as eye tracking may not fully capture what is transpiring in the mind, and numerous real-time
measures (i.e., dials used by pollsters or marketing researchers) often influence the engagement by making subjects fail to immerse
themselves in the experience. As such, tools from neuroscience offer an important and better avenue for capturing engagement (Hsu,
2017).

Researchers can use neural imaging to measure engagement through correlating neural activations across multiple brains when
exposing subjects to the same content (Barnett and Cerf, 2017; Dmochowski et al., 2012, 2014; Hasson et al., 2004; Lankinen et al.,
2014; Schmälzle et al., 2015). Neuroscientists generally believe that inter-subject correlations are a good metric for measuring
engagement (Dmochowski et al., 2012). That is, regardless of the site and functions in the brain that drive engagement, multiple
brains that are experiencing the same engaging content should reflect a consistent, correlated dynamic response across all brains.

Engaging content, such as a tense movie plot or an elegant speech, drives the brains of different people to function in a similar
fashion — the content impacts those brains in a way that ‘overrides’ their idiosyncratic preferences (Schmälzle et al., 2015; Hasson
et al., 2004; Nummenmaa et al., 2012). As Schmalze et al. (2015:1137) note: “during powerful speeches, listeners as a group are more
coupled to each other, suggesting that powerful speeches are more potent in taking control of the listeners' brain responses.”

This engagement can be computed by averaging the whole-brain activity of multiple individuals after aligning the responses
temporally (all subjects viewing times are the same, and they are matched second-by-second) and spatially (all brains are co-re-
gistered such that responses in neural sites that are correlated suggest similar sources). This metric yields a measure in which higher
correlation is indicative of high engagement and lower correlation suggests lower engagement. Put differently, the more correlated
the neural activity across individuals (whole-brain), the more engaging the content; the less correlated the neural activity across
brains, the less engaging the content.

To evaluate momentary engagement from the neural data, we compared the aligned brains of subjects across 111 Regions of
Interest (ROIs) selected based on the Harvard-Oxford atlas. Each ROI is comprised of voxels that are implicated together with specific
brain function or structural entity (e.g. ‘amygdala’, or ‘frontal lobe’). These voxels were aggregated into the designated ROIs and
averaged to generate a single time-series value for activity at each ROI location over the course of the recording period. For each pair
of subjects who were randomly assigned to the same pitch, pairwise correlations of ROI activity were taken across all ROIs at each
time frame, and the results were averaged across all pairs to generate a Cross Brain Correlation (CBC) time-series of similar neural
activity over the course of each pitch video (see also Appendix Table 3 for analysis of the CBC within each ROI).

While CBC is typically calculated for an average of all pairs, here we were interested in engagement at the individual level. Thus,
to test our hypotheses, we computed the CBC for an individual subject. As CBC is a comparison between subjects, we calculated the
individual contribution by only calculating the pairwise correlation of a single subject and all others. That is, if the CBC focused on
subject 4, we computed the pairwise neural correlation between this subject and all others in the group (e.g., 4–1, 4–2, 4–3…4-n). For
the individual engagement CBC analysis, we averaged the neural responses across all the time-series of all subjects with the individual

4 BOLD (Blood‑oxygen-level dependent imaging) is a measure of blood flow, which is a proxy to the metabolic activity in a brain region, which in
turn correlates with neural activity. However, the connection between neural activity and increase/decrease in BOLD signal is indirect and is a
subject for large body of research (see Singh, 2012 for more details).
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subject we were investigating, and then compared the response in each ROI. The result is a measure of individual engagement for each
pitch view that ranges from 0 (low individual engagement) to 1 (high individual engagement). This score was normalized to a 0–100
scale during the statistical analysis for more intuitive unit interpretations. The brains of two individuals who are not at all aligned (i.e.
two people doing completely different tasks) should be closer to 0. To our knowledge, boundaries or thresholds for what constitutes
‘high’ or ‘low’ engagement are not widely established in neuroscience, as most studies examine within-experiment fluctuations and
their resultant influence. To explain the inter-subject calculation in greater detail, see Appendix Fig. 1, Hasson et al. (2004), Barnett
and Cerf (2017) and Dmochowski et al. (2012).

6. Analysis and results

The experiment exposed each of fifteen subjects j to ten different ventures k. For each viewing i, we randomly determined whether
a high-passion or low-passion variant of a pitch for the venture would be shown. Let pi be an indicator variable for whether viewing i
featured a high passion variant. Our outcomes yi are the investor interest scores subjects gave to each viewed pitch and the measure of
neural engagement we computed during that viewing. We are primarily interested in the effect of passion β in the regression model:

= + +y p ,i i i

where εi is an error term. Since our experiment included variation at both the subject and venture level, we use multilevel modelling
in the analysis. The subject and venture levels are not nested. We consider variants of the model where 1) the intercept α and
coefficient β are modelled as random variables at either the subject level, venture level or both. In these variants, we label the random
intercepts αj and δk and the random coefficients βj and βk.

Ventures differ in the quality of ideas and subjects differ in their baseline interest in investment, which justifies the inclusion of
the random intercepts. We are primarily interested in the average effect of passion, not in estimating the effects for individual subject
and ventures, which argues for treating β as fixed rather than random. Nevertheless, we estimate models of increasing complexity and
compare their efficiency in use of the data using the Akaike Information Criterion (AIC). We examine the AIC rather than the
likelihood ratio because the models are not nested. Estimation is conducted using the STATA program mixed.

Appendix Table 1 shows six models with investor interest as the dependent variable. The first column shows an estimation with a
fixed intercept and coefficient of interest. Columns 2 and 3 allow for random intercepts by subject and venture, while column 4
includes both random intercepts. The model in column 4 has the lowest AIC, suggesting it makes the most efficient use of the data. It
is also our preferred specification given the data generating process and the goals of the estimation. Columns 5 and 6 include both the
random intercepts and also allows the coefficient on passion to be random at the subject and venture levels, respectively. These
specifications do not change the estimate on our coefficient of interest and make slightly less effective use of the data. Therefore, our
preferred specification in modelling the effect of passion on investor interest includes random effects for both subject and venture.

Appendix Table 2 repeats the model selection exercise with individual engagement as the dependent variable. As columns 2
through 4 show, random intercepts for subject and video do not explain any of the variation in individual engagement and worsen the
efficiency of the estimation relative to column 1 as shown by the increasing AIC.

Table 1 shows summary statistics of the main variables used in our analysis along with a correlation matrix.
In Hypothesis 1, we theorized that higher levels of displayed entrepreneur passion will lead to higher neural engagement. Our

analysis shows that neural engagement is significantly different across manipulated conditions in the theorized direction. As Table 2
depicts, high versus low levels of displayed entrepreneurial passion during a pitch leads to higher levels of investor neural en-
gagement (B = 6.810, p< 0.001), increasing engagement by 39% relative to its average level of 17.4 in the low passion treatment.
Fig. 2 illustrates the correlation among subject's brains in the high and low passion conditions.

Hypothesis 2 argued that higher neural engagement would lead to higher investment interest. Table 3 shows the relationship
between neural engagement and investor interest. In regressions that allow for subject and clip-level random effects, higher en-
gagement is positively correlated with investor interest, (B = 0.0553, p< 0.01), such that a one standard deviation increase in neural
engagement is associated with an 8% percent increase in investors' interest relative to the mean. The patterns are consistent if we
disaggregate our investor interest scale and look at the effect of investor neural engagement on individual items measuring investor
interest.

In Hypothesis 3, we argued that higher levels of displayed entrepreneurial passion would lead to higher levels of investor interest.

Table 1
Descriptive statistics and correlations.

Variable Mean Std. Dev. 1 2 3 4 5 6 7

1 Passion 0.50 0.50
2 Engagement 20.83 5.62 0.61**
3 Inv. Interest: Q1 4.11 1.72 0.24** 0.18*
4 Q2 3.53 1.77 0.19* 0.14 0.79**
5 Q3 3.68 1.77 0.21* 0.16 0.78** 0.87**
6 Q4 3.56 1.64 0.18* 0.17* 0.63** 0.71** 0.79**
7 Q5 4.03 1.64 0.31** 0.20* 0.63** 0.59** 0.61** 0.57**
8 Inv. Interest Scale 3.78 1.49 0.26** 0.19* 0.88** 0.91** 0.93** 0.85** 0.78**
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We examined the effect of the randomized treatment of entrepreneurial passion on investor interest through regression analysis that
controlled for the ten different clips and the fifteen different subjects. Table 4 shows that higher displayed entrepreneurial passion
increases investor interest (B = 0.870, p < 0.001), where high displays of passion result in a 26% increase in investor interest relative
to mean interest of 3.4 in the low passion treatment. The patterns are consistent if we disaggregate our investor interest scale and look
at the effect of entrepreneurial passion on the individual items measuring investor interest.

Hypothesis 4 argued that higher levels of engagement during the exposure to a pitch partially mediate the effect of displayed
entrepreneurial passion on investor interest. Table 5 reveals that the coefficient for passion (B = 0.758, p < 0.01), undergoes a
reduction of 0.112 when engagement is added to the model, as compared to when engagement is not in the model as reported in
Table 4 (B = 0.870, p < 0.001). Disaggregating our investor interest scale, passion undergoes a reduction across all five individual
questions when engagement is added, as compared to when engagement is not in the model. These results suggest the possibility of a
mediation effect.

Table 6 presents a more structured mediation analysis. The estimation of these models was done using the STATA program for
generalized structural equation modelling gsem. Following the preferred specifications for models of investor interest and individual
engagement developed above, the first equation for investor interest si has random intercepts at the subject and venture level. The

Table 2
Causal effect of passion on neural engagement.

Neural engagement

Passion 6.810⁎⁎⁎

(0.734)
Constant 17.40⁎⁎⁎

(0.521)
Var(εi) 19.79⁎⁎⁎

(1.154)
N 147

Standard errors in parentheses + < 0.10, ⁎ p< 0.05, ⁎⁎

p< 0.01, ⁎⁎⁎ p< 0.001.

Fig. 2. fMRI activation map reflecting the areas consistently showing correlation across subjects in low-passion pitch (top row) and high-passion
pitches (bottom row) *.
*An illustration of the areas showing high correlation (depicted in yellow) across multiple subject viewing low (top row) and high (bottom) passion
pitch. Areas depicted in yellow in the Coronal, Sagittal and Axial views of the brain correspond to voxels that show activation across multiple
viewers when a clip is shown. We highlight in the bottom panel some notable functions that are activated by the high-passion pitch (visual, auditory,
semantic processing, emotion, and memory sites as well as cognitive processing of the content). Those sites were shown in previous works to be part
of a highly engaging content (see Hasson et al., 2008; Barnett and Cerf, 2017). The top row reflects a set of sites that are activated during low-
passion pitch – primarily pertaining to the visual/auditory processing of the content.
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second equation for individual engagement ei has a fixed intercept.

= + + + +
= + +
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The indirect effect of passion on investor interest through the mediator of individual engagement is given by the product of
coefficients γpβe. The total effect βp+ γpβe is the indirect effect plus the direct effect. As Table 6 indicates, the mediated effect
represents 0.112 of the 0.870 total effect, or 13%. Although this percentage is non-trivial, the effect is not statistically significant.

Table 3
Neural engagement predicting level of investor interest.

Investor interest

Neural engagement 0.0553⁎⁎

(0.0204)
Constant 2.633⁎⁎⁎

(0.468)
Var(εi) 1.824⁎⁎⁎

(0.117)
Var(αj) 0.167⁎

(0.0663)
Var(δk) 0.141⁎

(0.0599)
N 147

Standard errors in parentheses +<0.10, ⁎p< 0.05, ⁎⁎p< 0.01,
⁎⁎⁎p< 0.001.

Table 4
Causal effect of passion on investor interest.

Investor interest

Passion 0.870⁎⁎⁎

(0.226)
Constant 3.350⁎⁎⁎

(0.230)
Var(εi) 1.714⁎⁎⁎

(0.110)
Var(αj) 0.222⁎

(0.0750)
Var(δk) 0.136⁎

(0.0573)
N 147

Standard errors in parentheses +<0.10, ⁎p< 0.05,
⁎⁎p< 0.01, ⁎⁎⁎p< 0.001.

Table 5
Entrepreneur passion and individual engagement predicting scale
of investor interest.

Investor interest

Passion 0.758⁎⁎

(0.284)
Individual engagement 0.0164

(0.0249)
Constant 3.064⁎⁎⁎

(0.490)
Var(εi) 1.708⁎⁎⁎

(0.109)
Var(αj) 0.224⁎

(0.0752)
Var(δk) 0.135⁎

(0.0570)
N 147

Standard errors in parentheses +<0.10, ⁎p< 0.05, ⁎⁎p< 0.01,
⁎⁎⁎p< 0.001.
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7. Discussion

Researchers and practitioners have argued that a founder's passion is central to attracting investor interest (Bussgang, 2010; Hsu
et al., 2014; Landström and Mason, 2016; Li et al., 2017; Mitteness et al., 2012; Pollack et al., 2012; Rose, 2008; Sudek, 2006;
Warnick et al., 2018). We offer a novel explanation for this phenomenon from the cognitive neuroscience literature: Displayed
founder passion affects the neural engagement of investors. That neural engagement, in turn, affects investor interest in funding
startup companies, making neural engagement a pathway through which passion affects investor interest. We test this additional
explanation using neuro imaging data collected via fMRI while informal investors assess randomly assigned pitches that manipulate
displayed founder passion.

We find that informal investors who are randomly assigned a pitch with high founder passion have 26% greater interest relative to
a pitch with low founder passion. We find that higher founder passion increases investor neural engagement by 39% over those
displaying low passion, and that a one standard deviation increase in neural engagement is associated with an 8% increase in
investors' interest in investing in a start-up company relative to the mean. Our findings suggest that neural engagement could
partially mediate the passion-investor interest relationship, but we cannot confirm it. The indirect effect is non-trivial in magnitude,
but not statistically significant.

The results of this study have several implications. First, there is growing interest in understanding investor decision making in
entrepreneurship, with several studies examining the investment choices of professional venture capitalists and other investors (e.g.,
Anglin et al., 2018; Chen et al., 2009; Clarke et al., 2019; Drover et al., 2017; Huang and Pearce, 2015; Kerr et al., 2011). These efforts
have mostly neglected informal investors (Burke et al., 2014; Shane, 2008), which is a significant omission given that informal
investors account for the majority of all investments made (Bygrave et al., 2003; Erikson and Sørheim, 2005; Lee and Persson, 2016),
and four times the capital put into early stage companies as venture capitalists (Bygrave and Reynolds, 2004).

We contribute to an understanding of how informal investors respond to founders' pitches. Doing so, we explore the extent to
which displayed passion influences assessments of new ventures. Drawing on theory and findings from related literature streams, we
found that the effect of founder passion influences the decision making of informal investors similarly to that of venture capitalists
and members of organized angel groups, even though informal investors are less experienced and thought to make more altruistic
decisions (Klyver et al., 2017; Paul et al., 2003).

Next, our study provides evidence that complements and extends existing work on the role of passion in investor decision making.
Past findings on the founder passion-investor interest relationship have been mixed (e.g., Chen et al., 2009; Mitteness et al., 2012)
and thus inconclusive. We believe this is because most evidence to date has been correlational, which raises the possibility that these
correlations could be artifacts of omitted variable bias or reverse causality. Moreover, the use of text to manipulate founder passion
and the lack of fully randomized designs limits the confidence with which we can make causal inferences about the passion-interest
relationship from existing experimental work. By using a randomized experiment, we are able to contribute new insight on the causal
role of founder passion. Moreover, our treatments were pre-recorded, which helps to assuage concerns of reverse causality. We rule
out that investors' displayed interest in ventures is what leads entrepreneurs to display more passion.

We show evidence that the theoretical arguments of previous researchers are correct: the founder passion-investor interest re-
lationship is not spurious. There is a causal effect of founder passion on investor interest. By studying the effect of founder passion on
investor interest through a randomized controlled trial we build upon the work of previous scholars who found that founder passion
plays an important role in generating investor interest, firmly establishing that such patterns are not merely artifacts of non-ex-
perimental approaches, or experiments with less randomization. More broadly, our approach shows how randomized video ex-
periments can be used as a pathway to examine causality, and to advance or refine understandings in venture finance.

Next, our study offers a test of a novel theoretic perspective for why displays of founder passion affect investor interest. Despite
growing calls for the incorporation of neuroscientific explanations for many aspects of business (Ashkanasy et al., 2014; Becker et al.,
2011, 2015; Nicolaou et al., 2009; Nofal et al., 2018; Powell, 2011; Waytz and Mason, 2013), and entrepreneurship (Day et al., 2017;
de Holan, 2014; de Holan and Couffe, 2017; Krueger Jr and Day, 2010; McMullen et al., 2014; Ward et al., 2017), few empirical
studies have been conducted. This lack of research has hindered our collective understanding of an important aspect of

Table 6
Mediation effects of passion through individual engage-
ment.

Investor interest

Indirect effect 0.112
(0.170)

Direct effect 0.758**
(0.289)

Total effect 0.870***
(0.231)

N 147

Standard errors in parentheses +<0.10, ⁎p< 0.05,
⁎⁎p< 0.01, ⁎⁎⁎p< 0.001.
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entrepreneurship: how founders convince investors to provide them with the resources they need to build their businesses. While
entrepreneurship scholars have rightly identified founder passion as a key aspect of this process (Cardon et al., 2017; Davis et al.,
2017; Hsu et al., 2014; Landström and Mason, 2016; Li et al., 2017; Mitteness et al., 2012; Sudek, 2006; Warnick et al., 2018), this
literature has yet to consider an important explanation that requires unpacking the black box of investor brain function. Looking at
the process from the perspective of cognitive neuroscience, we see that displayed founder passion leads to greater investor neural
engagement, which, in turn, boosts investor interest.

While our findings suggest that neural engagement might partially mediate the passion-investor interest relationship and the
indirect effect is non-trivial in magnitude, it is not statistically significant. This outcome raises the question of what the presence or
absence of mediation might mean, and raises a pathway for future work. If entrepreneur passion does indeed influence investor
interest through neural engagement, then there is support for our novel explanation why entrepreneur passion affects investor
interest. If entrepreneur passion does not influence investor interest through neural engagement, then researchers need to explain
why both founder passion and investor neural engagement matter independently.

Our finding that higher neural engagement is associated with higher investor interest raises other questions. Neural engagement
may be an overlooked explanation for why certain pitch elements tend to influence investors. For instance, storytelling has been
shown to influence investor assessments (Lounsbury and Glynn, 2001; Manning and Bejarano, 2017). Perhaps storytelling sways
investors by engaging their brains. In a similar vein, perhaps founder attractiveness (Patel and Wolfe, 2019) or asthetics (Chan and
Park, 2015) also influence neural engagement of investors, in turn increasing their assessments. Investor neural engagement may
influence venture decision making in ways beyond our focus on displayed passion.

Our study also shows the value of cognitive neuroscience techniques to get at theoretical questions not well addressed by em-
pirical designs typically employed by entrepreneurship researchers, such as asking subjects to explain their responses (e.g., Chen
et al., 2015). Cognitive neuroscientists have shown that asking subjects to evaluate an experience/stimulus while it is ongoing
interferes with the experience (Hsu, 2017). And if the researchers wait until the end of the experience to ask questions, then the
answers can potentially suffer from recency and peak-end effects. This means that asking subjects to reflect on their engagement can
be flawed. Other approaches, such as eye tracking, also have limitations given that while one might be actively viewing a pitch the
mind may be elsewhere. Observing real-time neural activity offers untapped ways to avoid such problems, which is particularly
important in entrepreneurship where the decision making process may not be conscious or understood by subjects (Hsu and Yoon,
2015; Venkatraman et al., 2015; Lee and Huang, 2018).

We are by no means the only researchers using cognitive neuroscience to address entrepreneurship questions that previously
could not be answered. Lahti et al. (2018) found that entrepreneurs exhibit bonds with their ventures in a similar way that parents
bond with their children (via similarities in the brain's reward system), which offers important implications for understanding
important questions such as why founders persist with poorly performing ventures.5 Other work has sought to address the long
unaswered question of whether entrepreneurs think differently from non-entrepreneurs. Deploying EEG, Ortiz-Terán et al. (2013)
found that entrepreneurs respond differently than non-entrepreneurs while engaging in decision tasks (Ortiz-Terán et al., 2013). In a
similar vein, using cognitive brain mapping via EEG, Zaro et al. (2016) revealed that entrepreneurs brains appear to function dif-
ferently than non-entrepreneurs while assessing business opportunities.

Within entrepreneurial finance, Genevsky and Knutson (2015) examine whether neural data can predict the success of microloan
requests on Kiva. Findings suggest neural affective mechanisms are correlated with microloan decisions and charitable giving.
Moreover, Genevsky et al. (2017) exposed subjects to pictures and texts associated with reward-based crowdfunding campaigns for
documentaries (e.g., Kickstarter), and found that neural data can forecast aggregate behavior of crowdfunding outcomes.

Our study departs from those above in several ways. Notably, we utilized videos of pitches in our neural experiment, whereas
most neuroscience studies use pictures or written text. Thus, our effort offers a first look at how brains respond to natural real-world
phenomena as they unfold in the entrepreneurial context. We also study correlations in a non-traditional way by observing brains
synchronicity rather than signature regions of interest in individual brains. While traditionally neuroscientists study individual
brains, looking for specific neural correlates of a stimulus, recently, researchers are uncovering the value of studying alignment across
multiple brains (Barnett and Cerf, 2017; Denworth, 2019). Moment to moment coupling of brains can shed light on reactions in new
ways.

8. Limitations and avenues for future research

Our study is not without limitations. We examine only an elevator pitch, which is typically delivered in the beginning of the
fundraising process. Thus, our findings may not generalize to other types of pitches delivered later in the process. Future work might
assess pitches of different lengths to test how engagement is modulated with respect to length.

Moreover, we look only at informal investors. Due to the cost and challenges of obtaining experts, it is common for preliminary
investigations to utilize naïve subjects (Chen et al., 1998; Chen et al., 2009; Fiet and Patel, 2008; Genevsky and Knutson, 2015;
Genevsky et al., 2017; Hsu et al., 2017; Zampetakis et al., 2017). If professional investors respond differently to pitches than the
subjects we recruited, our results may be limited to naïve investors. However, it is also possible that venture capitalists and members
of angel groups will respond to founder passion in the same way as informal investors because all of those investors are human beings

5 The implication being that the reason might be the same brain circuitry that accounts for the unwillingness of parents to give up on problem
children.
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whose brains operate similarly. Some neuroscience research would suggest that investors may respond similarly to passion in founder
pitches because it has shown that human beings respond similarly to movie trailers, compelling speeches, advertising pitches, etc.
(Barnett and Cerf, 2017; Nummenmaa et al., 2012; Schmälzle et al., 2015). These studies suggest content impacts those brains in a
way that can ‘override’ idiosyncratic preferences.

Other neuroscience research suggests the brain functioning of experts and novices may differ. For instance, expert marksmen
engage their brains differently than novice shooters during the aiming period—reflecting stronger theta activity located at the medial
frontal cortex and the anterior cingulate area (Haufler et al., 2000). Additionally, examining golfers in pre-shot routines, novice
golfers engaged the posterior cingulate, the amygdala–forebrain complex, and the basal ganglia, whereas experts primarily engaged
the superior parietal lobule, the dorsal lateral premotor area, and the occipital area (Milton et al., 2007).

Building upon extant neuroscience research centering on novice and experts, scholars may wish to repeat our study with different
investor types to explore similarities and differences in neural engagement and other observed brain function. Future research might
examine the conditions under which engagement is triggered, and how/when it influences pitch assessments. Researchers might
examine how specific regions of interest vary with domain or investment expertise as pitches are assessed. That is, do expert versus
non-expert brains differ in their assessments of pitches, and pitch variants such as passion? Are favorable or unfavorable assessments
driven by different neural sites? Specifically, exploring key sites, such as the timing and extent of nucleus accumbens activation (e.g.,
associated with the anticipation of monetary rewards), might assist in explaining the key underpinnings of what drives pitch as-
sessments of different investor types. Additionally, given that one may suspect that the evaluation of a pitch is also driven by
motivation and assessment of the value of the content, one may expect a difference in activation with systems that are typically
implicated with those functions. Specifically, one may expect a difference in Frontal Alpha Asymmetry (FAA – a metric used primarily
in EEG to quantify approach-avoidance or positive-negative attitudes toward experienced content) when viewing the clips. Finally,
we can expect that expert investors may draw more of their decision-making process from past experience or from an ability to
introspect on the offer compared to other existing offers in their portfolio. If that is indeed the case, then we expect activation in
memory-implicated sites (i.e. hippocampus, entorhinal cortex and generally Medial Temporal Lobe sites) alongside the posterior
cingulate – suggesting mental reflection and introspection.

It has not escaped our notice that we tested pitches for only a small number of venture concepts. While we have no evidence to the
contrary, our findings may not generalize beyond the ventures we examined.

We believe cognitive neuroscience has relevance for entrepreneurship, though we do not see it as a silver bullet (Becker et al.,
2011; Healey and Hodgkinson, 2014). Cognitive neuroscientists offer a different explanation for the founder passion-investor interest
relationship than that prevailing in the entrepreneurship literature. Their techniques permitted the testing of that explanation. We
found evidence for this alternative explanation. Thus, we follow Becker and Cropanzano (2010) in arguing that neuroscience methods
should not be viewed as a replacement for current methods, but rather as a complement. These methods provide insight into specific
aspects of entrepreneurship for particular questions. Other questions in entrepreneurship may not be as well suited for neural-based
investigations.

In research involving highly emotional content, there is a risk of emotional carry-over effects. That is, having the thoughts and
feelings about a highly emotional stimulus (e.g. high passion pitch) contaminate the neural response to a more neutral stimulus (e.g. a
low passion pitch). While this risk is a limitation of neuroscience studies—as the measures of one effect may contain signal from
another effect, we believe that two aspects of our design make it highly unlikely to be a problem. First, we used a short time interval
and a fixation cross at the end of each clip to increase the refractory period between stimulus. Second, we employed a random
ordering of clips.

Because of our approach to mediation, and the measurement of our variables, we cannot rule out the possibility of confounding
effects. While we recognize this limitation, future researchers might conduct further tests, such as randomly manipulating engage-
ment through channels in addition to displayed passion to explore the influence on investor interest.6 Doing so could help to confirm
or reject the causal effect of engagement on investor interest, and the mediation role.

Our study used fMRI and therefore is subject to the limitations of this method of measurement. It is possible that our results are
artifacts of the method used to capture the fMRI data and would not be present when subjects are watching pitches in the wild.

9. Practical implications

Our results also have implications for the practice of entrepreneurship. Every year, hundreds of thousands of entrepreneurs make
pitches to financiers across the globe (Chen et al., 2009; Kanze et al., 2018; Short et al., 2017). Those pitches are widely recognized as
the gateway to investor funding. Effective pitching is typically necessary to get investors to consider funding, hence recent research is
beginning to untangle how entrepreneur pitch training influences investor assessments (Clingingsmith and Shane, 2018). Our results
show that at least one aspect of pitching that can be taught increases the odds that founders will attract investor interest. By pitching
in a way that shows founder passion, entrepreneurs can considerably increase investor engagment and in turn increase the odds that
investors will further investigate financing a new venture.

Moreover, measuring engagement directly from the brain can predict which pitches are more or less likely to be effective. This
approach can, therefore, both improve the pitch process by making earlier predictions as well as train entrepreneurs to do a better job
of pitching investors. Much as the world of neuromarketing is increasingly using neural data to glean insights about viewer content

6 We thank an anonymous reviewer for this observation.
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(Chen et al., 2015; Hsu and Yoon, 2015; Smidts et al., 2014), and adjusting that content for optimal responses, entrepreneurs and
their trainers, can begin using neural data to refine pitch presentations and associated success rates.

10. Conclusion

Our findings provide new evidence on neural responses to entrepreneur pitches. We hope that our cross-disciplinary effort serves
to motivate other scholars to further advance understandings of neural activity in the domain of entrepreneurship.
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Appendix 

Appendix Table 1: Multilevel models for Investor Interest 

 

 (1) (2) (3) (4) (5) (6) 
Passion 0.765** 0.893*** 0.731** 0.870*** 0.895*** 0.870*** 
 (0.237) (0.231) (0.233) (0.226) (0.263) (0.226) 
Constant 3.397*** 3.337*** 3.415*** 3.350*** 3.358*** 3.350*** 
 (0.168) (0.199) (0.196) (0.230) (0.224) (0.230) 
Var("#) 2.061*** 1.863*** 1.945*** 1.714*** 1.616*** 1.714*** 
 (0.120) (0.115) (0.118) (0.110) (0.109) (0.110) 
Var(%&)  0.201*  0.222* 0.200* 0.222* 
  (0.0737)  (0.0750) (0.0772) (0.0750) 
Var('()   0.115* 0.136* 0.137* 0.136* 
   (0.0559) (0.0573) (0.0565) (0.0573) 
Var()&)     0.305  
     (0.161)  
Var()()      4.62e-12* 
      (2.78e-11) 
N 147 147 147 147 147 147 
AIC 529.4 527.4 529.2 526.0 526.6 528.0 

Standard errors in parentheses + <0.10, * p < 0.05, ** p < 0.01, *** p < 0.001 
 

 

 

Appendix Table 2: Multilevel models for Individual Engagement 

 

 (1) (2) (3) (4) 
Passion 6.810*** 6.810*** 6.810*** 6.810*** 
 (0.734) (0.734) (0.734) (0.734) 
Constant 17.40*** 17.40*** 17.40*** 17.40*** 
 (0.521) (0.521) (0.521) (0.521) 
Var("#) 19.79*** 19.79*** 19.79*** 19.79*** 
 (1.154) (1.154) (1.154) (1.154) 
Var(%&)  1.95e-22***  1.23e-18 
  (1.11e-21)  (4.68e-16) 
Var('()   3.93e-23*** 2.20e-21*** 
   (2.52e-22) (1.39e-20) 
N 147 147 147 147 
AIC 862.0 864.0 864.0 866.0 

Standard errors in parentheses + <0.10, * p < 0.05, ** p < 0.01, *** p < 0.001 
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Appendix Table 3: Region-Specific Analysis* 

* For each ROI (note, regions sizes vary in number of voxels; see Harvard-Oxford Brain atlas for region size and boundaries) we computed the minimum, maximum, mean 

and standard-deviation of the CBC across all subjects and clip, within an experimental condition (high-passion and low-passion). For the minimum/maximum correlations, 

we note the values and the clip in which they occurred. In bold are the three regions that showed the biggest contrast in activation between conditions. Those are: 1. The right 

Inferior Frontal Gyrus, which has been implicated with level of impulse control through inhibition and risk aversion (Aron et al., 2004). The left Supramarginal gyrus, which 

is implicated with interpreting tactile sensory data and, among right-handed subjects (all of our subject pool), with increased activity when making phonological word choices 

(Christopoulos et al., 2009; Carlson, 2012). The left Temporal Occipital Fusiform Cortex, which is broadly implicated, among numerous other functions, with word recognition 

and category identification. To test the significance of the activation within each ROI (given the smaller dataset pool, we used 1,000 shuffles of the data for each ROI, using 

the same numbers but stripping the clip x subject labels and compared the original correlation mean to that of the distribution. No ROI was significant at the 0.05 level, 

correcting for multiple comparisons. 

Cortical Sites Lateralit
y 

Harvard
-Oxford 

Index 

ROI 
Index 

High Displayed Passion Low Displayed Passion 

Min 
CBC 

Min 
CBC 

Stimulu
s 

Max 
CBC 

Max 
CBC 

Stimulus 

Mean 
CBC 

STD 
CBC 

Min 
CBC 

Min CBC 
Stimulus 

Max 
CBC 

Max 
CBC 

Stimulus 

Mean 
CBC 

STD 
CBC 

Frontal Pole L 1 1 -0.84 6a 0.81 6a -0.04 0.36 -0.9 6b 0.83 9b 0.01 0.35 

Frontal Pole R 2 2 -0.71 5a 0.8 10a -0.01 0.33 -0.85 7b 0.8 3b -0.02 0.38 

Insular Cortex L 3 3 -0.85 5a 0.86 10a 0 0.35 -0.79 2b 0.8 7b -0.02 0.33 

Insular Cortex R 4 4 -0.73 5a 0.83 1a 0.04 0.35 -0.84 8b 0.8 4b -0.03 0.35 

Superior Frontal 

Gyrus 

L 5 5 -0.69 1a 0.79 3a 0.04 0.33 -0.72 10b 0.75 9b 0.03 0.3 

Superior Frontal 

Gyrus 

R 6 6 -0.71 1a 0.86 1a -0.01 0.34 -0.73 6b 0.82 8b 0.01 0.31 

Middle Frontal 

Gyrus 

L 7 7 -0.86 1a 0.86 2a 0.01 0.34 -0.73 2b 0.85 9b 0.02 0.33 

Middle Frontal 

Gyrus 

R 8 8 -0.73 10a 0.78 3a 0.03 0.33 -0.82 2b 0.86 4b 0 0.34 

Inferior Frontal 

Gyrus, pars 

triangularis 

L 9 9 -0.76 4a 0.9 4a 0.07 0.38 -0.8 3b 0.85 8b 0.01 0.36 

Inferior Frontal 
Gyrus, pars 
triangularis 

R 10 10 -0.89 5a 0.89 9a 0.1 0.37 -0.82 5b 0.95 3b -0.01 0.42 

Inferior Frontal 

Gyrus, pars 

opercularis 

L 11 11 -0.72 10a 0.95 3a 0.06 0.38 -0.91 4b 0.81 5b -0.02 0.41 

Inferior Frontal 

Gyrus, pars 

opercularis 

R 12 12 -0.82 1a 0.8 9a 0 0.38 -0.8 4b 0.89 3b 0.01 0.36 

Precentral Gyrus L 13 13 -0.76 1a 0.92 4a 0.07 0.4 -0.85 9b 0.91 10b 0 0.44 
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Precentral Gyrus R 14 14 -0.89 1a 0.95 1a 0.03 0.35 -0.75 4b 0.77 9b 0 0.34 

Temporal Pole L 15 15 -0.74 3a 0.87 10a 0.07 0.34 -0.78 4b 0.88 7b 0.01 0.33 

Temporal Pole R 16 16 -0.72 3a 0.77 3a -0.04 0.34 -0.7 8b 0.75 4b -0.02 0.34 

Superior Temporal 

Gyrus, anterior 

division 

L 17 17 -0.71 7a 0.91 10a 0.04 0.34 -0.87 4b 0.75 4b -0.02 0.38 

Superior Temporal 

Gyrus, anterior 

division 

R 18 18 -0.79 1a 0.79 3a -0.04 0.35 -0.72 7b 0.74 10b -0.03 0.33 

Superior Temporal 

Gyrus, posterior 

division 

L 19 19 -0.75 4a 0.93 10a -0.01 0.33 -0.85 7b 0.79 9b 0.01 0.37 

Superior Temporal 

Gyrus, posterior 

division 

R 20 20 -0.86 6a 0.79 5a 0.02 0.35 -0.77 5b 0.78 6b 0.01 0.36 

Middle Temporal 

Gyrus, anterior 

division 

L 21 21 -0.82 7a 0.88 5a 0.02 0.36 -0.89 2b 0.82 4b 0.04 0.34 

Middle Temporal 

Gyrus, anterior 

division 

R 22 22 -0.77 5a 0.82 2a 0.05 0.33 -0.84 2b 0.81 5b -0.01 0.36 

Middle Temporal 

Gyrus, posterior 

division 

L 23 23 -0.84 9a 0.76 1a -0.01 0.33 -0.68 9b 0.77 7b -0.01 0.35 

Middle Temporal 

Gyrus, posterior 

division 

R 24 24 -0.88 3a 0.88 1a -0.02 0.34 -0.82 3b 0.68 4b -0.01 0.34 

Middle Temporal 

Gyrus, 

temporooccipital 

part 

L 25 25 -0.72 4a 0.79 10a 0.01 0.36 -0.8 4b 0.9 2b -0.02 0.34 

Middle Temporal 

Gyrus, 

temporooccipital 

part 

R 26 26 -0.78 1a 0.86 10a 0.09 0.35 -0.85 2b 0.81 9b 0.02 0.34 

Inferior Temporal 

Gyrus, anterior 

division 

L 27 27 -0.78 3a 0.75 3a 0.02 0.32 -0.81 4b 0.76 8b 0.04 0.28 

Inferior Temporal 

Gyrus, anterior 

division 

R 28 28 -0.86 3a 0.82 3a 0.02 0.34 -0.76 8b 0.8 7b 0.02 0.32 

Inferior Temporal 

Gyrus, posterior 

division 

L 29 29 -0.74 10a 0.85 5a 0.07 0.33 -0.69 6b 0.8 2b 0.05 0.31 

Inferior Temporal 

Gyrus, posterior 

division 

R 30 30 -0.89 3a 0.79 1a 0.07 0.32 -0.8 8b 0.87 9b 0.05 0.35 
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Inferior Temporal 

Gyrus, 

temporooccipital 

part 

L 31 31 -0.81 10a 0.87 9a 0 0.36 -0.72 6b 0.83 7b 0.05 0.33 

Inferior Temporal 

Gyrus, 

temporooccipital 

part 

R 32 32 -0.86 3a 0.78 10a 0.05 0.32 -0.88 4b 0.77 4b 0.05 0.34 

Postcentral Gyrus L 33 33 -0.8 3a 0.93 4a 0.03 0.35 -0.81 8b 0.79 2b 0.04 0.32 

Postcentral Gyrus R 34 34 -0.74 4a 0.76 5a -0.06 0.33 -0.64 2b 0.74 2b -0.01 0.32 

Superior Parietal 

Lobule 

L 35 35 -0.8 5a 0.89 4a 0.03 0.34 -0.82 7b 0.82 1b 0.04 0.37 

Superior Parietal 

Lobule 

R 36 36 -0.85 10a 0.92 5a 0.01 0.35 -0.75 6b 0.74 9b 0.03 0.31 

Supramarginal 

Gyrus, anterior 

division 

L 37 37 -0.74 2a 0.8 3a 0 0.34 -0.8 7b 0.79 2b 0.04 0.33 

Supramarginal 

Gyrus, anterior 

division 

R 38 38 -0.88 10a 0.84 1a 0.07 0.34 -0.78 4b 0.75 4b 0 0.34 

Supramarginal 
Gyrus, posterior 
division 

L 39 39 -0.9 3a 0.93 4a 0.11 0.34 -0.8 4b 0.9 9b 0 0.38 

Supramarginal 

Gyrus, posterior 

division 

R 40 40 -0.81 2a 0.8 10a 0.06 0.35 -0.75 6b 0.85 2b 0.02 0.37 

Angular Gyrus L 41 41 -0.78 4a 0.75 5a 0 0.37 -0.82 6b 0.8 7b 0 0.37 

Angular Gyrus R 42 42 -0.82 1a 0.75 7a 0.06 0.35 -0.8 4b 0.81 4b 0 0.33 

Lateral Occipital 

Cortex, superior 

division 

L 43 43 -0.76 1a 0.78 5a 0.06 0.35 -0.82 4b 0.73 8b 0.02 0.34 

Lateral Occipital 

Cortex, superior 

division 

R 44 44 -0.87 3a 0.9 5a 0.05 0.38 -0.92 4b 0.87 9b -0.01 0.38 

Lateral Occipital 

Cortex, inferior 

division 

L 45 45 -0.95 10a 0.84 5a 0.05 0.33 -0.9 5b 0.83 9b -0.02 0.34 

Lateral Occipital 

Cortex, inferior 

division 

R 46 46 -0.89 5a 0.9 5a 0.04 0.35 -0.9 4b 0.83 4b -0.02 0.38 

Intracalcarine 

Cortex 

L 47 47 -0.86 10a 0.86 3a 0.05 0.34 -0.8 10b 0.73 4b 0.02 0.32 

Intracalcarine 

Cortex 

R 48 48 -0.9 10a 0.83 1a 0.01 0.32 -0.73 6b 0.74 7b 0.02 0.31 

Frontal Medial 

Cortex 

L 49 49 -0.89 9a 0.83 10a 0.07 0.31 -0.75 9b 0.75 6b 0.01 0.34 



 

5 

 

Frontal Medial 

Cortex 

R 50 50 -0.89 5a 0.86 5a 0.02 0.35 -0.87 7b 0.79 8b 0 0.35 

Juxtapositional 

Lobule Cortex 

(formerly 

Supplementary 

Motor Cortex) 

L 51 51 -0.85 2a 0.87 2a 0.01 0.35 -0.89 9b 0.79 4b -0.02 0.35 

Juxtapositional 

Lobule Cortex 

(formerly 

Supplementary 

Motor Cortex) 

R 52 52 -0.84 1a 0.78 2a 0 0.34 -0.75 1b 0.7 10b 0.02 0.33 

Subcallosal Cortex L 53 53 -0.81 5a 0.69 4a 0.02 0.32 -0.74 7b 0.67 6b 0.02 0.33 

Subcallosal Cortex R 54 54 -0.83 1a 0.73 5a 0.04 0.32 -0.77 2b 0.75 6b 0.02 0.33 

Paracingulate 

Gyrus 

L 55 55 -0.79 10a 0.78 5a 0.02 0.36 -0.77 6b 0.9 7b 0.02 0.33 

Paracingulate 

Gyrus 

R 56 56 -0.86 10a 0.82 1a 0.06 0.37 -0.79 8b 0.86 2b -0.02 0.37 

Cingulate Gyrus, 

anterior division 

L 57 57 -0.75 3a 0.83 10a 0.02 0.34 -0.86 9b 0.79 9b 0.03 0.34 

Cingulate Gyrus, 

anterior division 

R 58 58 -0.78 5a 0.89 5a 0.08 0.35 -0.81 7b 0.83 7b 0.02 0.3 

Cingulate Gyrus, 

posterior division 

L 59 59 -0.84 5a 0.86 5a 0.08 0.33 -0.86 9b 0.85 4b 0.01 0.35 

Cingulate Gyrus, 

posterior division 

R 60 60 -0.84 3a 0.84 1a 0.02 0.34 -0.85 6b 0.79 7b 0.02 0.36 

Precuneous Cortex L 61 61 -0.78 5a 0.8 1a 0.02 0.34 -0.76 4b 0.83 7b 0.04 0.34 

Precuneous Cortex R 62 62 -0.84 1a 0.88 10a -0.01 0.35 -0.84 2b 0.79 9b 0 0.34 

Cuneal Cortex L 63 63 -0.81 9a 0.91 3a 0 0.36 -0.76 2b 0.77 6b -0.01 0.33 

Cuneal Cortex R 64 64 -0.83 1a 0.91 1a 0.01 0.34 -0.72 6b 0.87 5b 0.03 0.34 

Frontal Orbital 

Cortex 

L 65 65 -0.88 1a 0.92 5a 0.02 0.33 -0.76 6b 0.79 4b -0.04 0.33 

Frontal Orbital 

Cortex 

R 66 66 -0.77 1a 0.86 4a -0.06 0.37 -0.76 9b 0.83 10b 0.04 0.36 

Parahippocampal 

Gyrus, anterior 

division 

L 67 67 -0.8 10a 0.84 4a 0.02 0.34 -0.7 6b 0.85 2b -0.02 0.33 

Parahippocampal 

Gyrus, anterior 

division 

R 68 68 -0.9 1a 0.76 5a -0.02 0.34 -0.71 6b 0.74 9b 0.03 0.33 

Parahippocampal 

Gyrus, posterior 

division 

L 69 69 -0.83 3a 0.79 4a 0.01 0.34 -0.91 4b 0.93 4b -0.02 0.34 
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Parahippocampal 

Gyrus, posterior 

division 

R 70 70 -0.83 3a 0.83 4a -0.01 0.34 -0.81 4b 0.93 4b -0.01 0.34 

Lingual Gyrus L 71 71 -0.68 6a 0.84 5a 0.03 0.33 -0.76 7b 0.8 2b 0.01 0.32 

Lingual Gyrus R 72 72 -0.85 4a 0.88 4a 0.05 0.34 -0.77 2b 0.8 7b -0.01 0.35 

Temporal Fusiform 

Cortex, anterior 

division 

L 73 73 -0.9 5a 0.78 1a -0.01 0.38 -0.77 4b 0.79 3b -0.01 0.34 

Temporal Fusiform 

Cortex, anterior 

division 

R 74 74 -0.85 5a 0.8 10a -0.01 0.32 -0.78 9b 0.74 5b -0.01 0.34 

Temporal Fusiform 

Cortex, posterior 

division 

L 75 75 -0.82 3a 0.86 3a 0.02 0.35 -0.84 4b 0.79 9b 0 0.32 

Temporal Fusiform 

Cortex, posterior 

division 

R 76 76 -0.77 7a 0.87 5a 0 0.37 -0.82 4b 0.82 7b 0.01 0.34 

Temporal 
Occipital 
Fusiform Cortex 

L 77 77 -0.81 3a 0.93 10a 0.15 0.35 -0.88 4b 0.86 9b 0.03 0.4 

Temporal Occipital 

Fusiform Cortex 

R 78 78 -0.86 5a 0.86 1a 0.03 0.35 -0.86 4b 0.93 2b 0.01 0.39 

Occipital Fusiform 

Gyrus 

L 79 79 -0.89 3a 0.8 5a 0.1 0.35 -0.92 6b 0.88 4b 0.02 0.4 

Occipital Fusiform 

Gyrus 

R 80 80 -0.75 5a 0.85 5a 0.01 0.34 -0.87 4b 0.82 10b -0.03 0.36 

Frontal Operculum 

Cortex 

L 81 81 -0.76 9a 0.81 1a 0 0.34 -0.83 3b 0.76 7b -0.05 0.36 

Frontal Operculum 

Cortex 

R 82 82 -0.8 1a 0.77 4a -0.03 0.33 -0.75 4b 0.79 2b 0.02 0.29 

Central Opercular 

Cortex 

L 83 83 -0.84 7a 0.84 1a -0.06 0.35 -0.77 8b 0.83 9b 0.01 0.34 

Central Opercular 

Cortex 

R 84 84 -0.75 5a 0.87 1a -0.02 0.36 -0.71 4b 0.75 7b -0.01 0.34 

Parietal Operculum 

Cortex 

L 85 85 -0.79 3a 0.84 9a -0.04 0.34 -0.84 9b 0.91 4b 0.01 0.35 

Parietal Operculum 

Cortex 

R 86 86 -0.74 3a 0.8 5a -0.03 0.36 -0.73 9b 0.85 7b 0.02 0.33 

Planum Polare L 87 87 -0.81 1a 0.8 1a -0.02 0.36 -0.87 4b 0.85 3b -0.01 0.38 

Planum Polare R 88 88 -0.67 10a 0.83 4a 0.02 0.37 -0.84 8b 0.88 8b -0.02 0.38 

Heschl's Gyrus 

(includes H1 and 

H2) 

L 89 89 -0.73 9a 0.88 1a -0.01 0.36 -0.79 6b 0.77 2b -0.03 0.34 

Heschl's Gyrus 

(includes H1 and 

H2) 

R 90 90 -0.79 5a 0.83 1a 0 0.36 -0.87 8b 0.82 8b -0.03 0.35 
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Planum Temporale L 91 91 -0.69 5a 0.89 7a 0.02 0.39 -0.85 7b 0.85 8b -0.02 0.39 

Planum Temporale R 92 92 -0.71 6a 0.88 7a 0 0.38 -0.86 8b 0.83 8b 0 0.39 

Supracalcarine 

Cortex 

L 93 93 -0.76 4a 0.86 9a 0.04 0.36 -0.87 4b 0.78 6b 0.02 0.32 

Supracalcarine 

Cortex 

R 94 94 -0.77 1a 0.84 10a 0.02 0.34 -0.86 4b 0.73 6b 0 0.33 

Occipital Pole L 95 95 -0.82 10a 0.86 1a 0.08 0.37 -0.81 4b 0.83 9b 0.01 0.39 

Occipital Pole R 96 96 -0.78 3a 0.86 1a 0.05 0.37 -0.87 9b 0.88 7b 0.01 0.39 

  
               

Subcortical Sites 
               

Thalamus L 4 97 -0.79 1a 0.82 10a 0.04 0.33 -0.86 6b 0.72 9b 0.01 0.33 

Caudate L 5 98 -0.66 1a 0.83 10a 0.06 0.31 -0.71 4b 0.79 4b 0.01 0.32 

Putamen L 6 99 -0.92 10a 0.92 1a -0.02 0.37 -0.8 8b 0.87 6b -0.03 0.36 

Pallidum L 7 100 -0.84 9a 0.79 1a -0.04 0.34 -0.77 6b 0.85 4b 0 0.33 

Brain-Stem 
 

8 101 -0.85 5a 0.8 5a 0 0.32 -0.65 7b 0.88 8b -0.01 0.32 

Hippocampus L 9 102 -0.76 5a 0.79 3a 0.02 0.3 -0.76 6b 0.86 3b -0.02 0.32 

Amygdala L 10 103 -0.9 1a 0.84 5a 0.02 0.34 -0.75 9b 0.72 10b -0.01 0.35 

Accumbens L 11 104 -0.7 2a 0.87 1a 0.03 0.34 -0.91 2b 0.78 6b 0.05 0.35 

Thalamus R 15 105 -0.85 10a 0.82 6a -0.03 0.35 -0.64 4b 0.85 7b 0 0.33 

Caudate R 16 106 -0.87 10a 0.82 1a -0.03 0.36 -0.72 6b 0.87 9b 0.01 0.3 

Putamen R 17 107 -0.79 10a 0.84 1a 0.02 0.31 -0.68 2b 0.76 2b 0.01 0.31 

Pallidum R 18 108 -0.76 5a 0.69 3a -0.04 0.31 -0.65 9b 0.74 4b 0.01 0.31 

Hippocampus R 19 109 -0.74 1a 0.78 10a 0.01 0.3 -0.74 3b 0.84 9b 0.03 0.36 

Amygdala R 20 110 -0.87 1a 0.82 1a 0.01 0.37 -0.83 3b 0.81 8b 0.01 0.32 

Accumbens R 21 111 -0.78 1a 0.76 1a -0.01 0.36 -0.92 4b 0.75 8b 0.02 0.34 
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Appendix Figure 1: Further Elaboration of CBC 

To calculate CBC for a single subject and a single pitch we used the following set of steps (see illustration): First, we pre-processed 
the data to remove artifacts, and clean ghost imagery. Following, we normalized all voxels to the same range of BOLD signal (1). 
These steps are standard fMRI pre-processing steps that are done, typically, using the acquisition software or existing toolboxes. 
Following, we co-registered all brains to the same coordinates using Talairach coordinates (2). This ensures that all voxels are 
reflecting the same brain structure. After the co-registering we looked at each ROI and selected the samples that pertain to a specific 
pitch (in the illustration, pitch #6) (3). We then correlated all the samples, voxel-by-voxel, for the specific ROI and correlated the 
time series, averaging all the correlations within the ROI to a single number (4). We repeated this step for all 111 ROIs for a pair 
of subjects (5). This yields a single CBC value for the subject pair. We repeated these steps for all pairs of subjects who watched 
the same pitch. To compute the CBC for subject 1, for example, we then averaged all the pairs that included subject 1 and the 
specific pitch. This accounts for the subject|pitch value. 
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